C ardiovascular disease remains the leading cause of death in the United States and accounts for an average of 1 in 3 deaths, or >800 000 deaths annually. 1, 2 Approximately 92 million American adults are living with some form of cardiovascular disease or aftereffects of stroke. 2 The direct and indirect costs of cardiovascular disease and stroke total >$330 billion/year. 2 Despite the widespread use of statins that substantially reduce cardiovascular events, many patients continue to have residual cardiovascular risk. 3 This residual cardiovascular risk accounts for significant healthcare burden in the statin era. Interest in triglycerides and triglyceride-rich lipoproteins in atherosclerotic cardiovascular disease (ASCVD) has been renewed on the basis of evidence from epidemiologic, genetic, and clinical studies. Epidemiologic studies have shown that elevated triglycerides correlate with elevated cardiovascular risk, 4, 5 and the American Heart Association has long recognized that elevated triglycerides are an important marker of cardiovascular risk. 6 More recently, genetic, [7] [8] [9] [10] [11] [12] [13] genome-wide analysis, [14] [15] [16] [17] and mendelian randomization [18] [19] [20] [21] [22] studies have suggested a causal role for triglycerides as a modifiable risk factor in the development and progression of ASCVD.
Analyses from clinical data have demonstrated that lower on-treatment triglycerides correlate with reduced cardiovascular risk. 23, 24 Statin-treated patients with elevated triglycerides, controlled low-density lipoprotein cholesterol (LDL-C), and residual high cardiovascular risk are commonly encountered in clinical practice and are increasing in number because of the increase in diabetes mellitus. However, this patient population has not been thoroughly studied and, as such, a better understanding of the prevalence, health burden, healthcare costs, and resource use associated with this population is needed to optimize management.
The objective of this retrospective observational study analysis of a large real-world administratively derived claims database was to evaluate cardiovascular outcomes, healthcare use, and medical costs in statin-treated patients with high triglycerides and high residual cardiovascular risk compared with patients with well-managed triglycerides and high-density lipoprotein cholesterol (HDL-C).
Methods
The analytic methods included in this section may be used by other researchers for reproducing the results or replicating the procedure herein. Data and study materials will not be made available; the data contained in our database contain proprietary elements owned by Optum and, therefore, cannot be broadly disclosed or made publicly available at this time.
Study Design
This was an observational retrospective analysis of administratively derived data from the Optum Research Database, which includes electronic claims for >160 million individuals and electronic health records for >80 million individuals. Eligible patients had at least 1 claim for statin therapy between January 1, 2010, and December 31, 2010 , and had at least 6 months of baseline data before the index date. The date of the first claim for statin therapy during the identification period was defined as the index date, and the baseline period was defined as the 6 months before the index date. The follow-up period began on the index date and ended on the earliest of any of the following: the date of disenrollment from the plan, date of death, or the end of the study on March 31, 2016.
Statin use was based on fills in the first 30 days. Statin medications were summarized according to the number of patients with prescription fills for low-intensity statins (simvastatin, 5 and 10 mg; fluvastatin, 20 and 40 mg; lovastatin, 10 and 20 mg; pravastatin, 10 and 20 mg; pitavastatin, 1 and 2 mg); moderate-intensity statins (simvastatin, 20 and 40 mg; atorvastatin, 10 and 20 mg; rosuvastatin, 5 mg; fluvastatin, 80 mg; lovastatin, 40 and 80 mg; pravastatin, 40 and 80 mg; pitavastatin, 4 mg); and high-intensity statins (simvastatin, 80 mg; atorvastatin, 40 and 80 mg; rosuvastatin, 10, 20, and 40 mg). 25 Statin medications include ezetimibe; ezetimibe alone is categorized as a low-intensity statin. If patients had multiple strengths of statins present, use was assigned hierarchically as high, moderate, or low intensity. No patient identities or medical records were disclosed for the purposes of this study. This study is fully compliant with the Health Insurance Portability Act (1996) .
Study Populations
Patients included were men or women ≥45 years of age on the index date with documented diabetes mellitus and/or ASCVD who were prescribed statins and had at least 6 months of data preindex and for follow-up or had followup until death if it occurred in <6 months. Patients in the high-triglycerides analysis cohort were required to have triglycerides 2.26 to 5.64 mmol/L (200-499 mg/dL), and those in the comparator cohort were required to have triglycerides <1.69 mmol/L (<150 mg/dL) and HDL-C >1.04 mmol/L (>40 mg/dL). Other inclusion and exclusion criteria are summarized in Table 1 . ASCVD included acute coronary syndrome, myocardial infarction, angina, coronary or other arterial revascularization, stroke, transient ischemic
Clinical Perspective
What Is New?
• In this real-world administrative claims analysis, statintreated patients with high residual cardiovascular risk and high triglycerides had worse cardiovascular outcomes, greater healthcare use, and overall higher healthcare costs than matched comparators with well-managed triglycerides.
• The increased cardiovascular risk in the high-triglycerides versus comparator cohorts was maintained, even with the addition of non-high-density lipoprotein cholesterol to the multivariate model and when analyzing high and low highdensity lipoprotein cholesterol subgroups.
What Are the Clinical Implications?
• This analysis provides strong support for hypertriglyceridemia as an independent risk factor for atherosclerotic cardiovascular disease.
• This group of patients with high triglycerides and a history of diabetes mellitus and/or atherosclerotic cardiovascular disease is relatively large, may be commonly encountered in clinical practice, and warrants further study.
• Prospective cardiovascular outcome trials of similar patient populations are ongoing and should provide important insights to the findings of this analysis and the future of treating patients with atherosclerotic cardiovascular disease.
attack, or peripheral arterial disease. Use of ezetimibe, fibrates, and prescription omega-3 products was allowed. Data on fish oil dietary supplements were not captured in the claims database because they are not prescription products. A propensity score analysis was used to create a study population similar to the analysis population with high triglycerides by controlling for possible confounding relationships. The final list of variables included in the propensity score model was determined after review of the prematching descriptive analyses of patient characteristics and other preindex measures and included the following: age; sex; insurance type; region; baseline medical cost; LDL-C relative to the median, if available; baseline use of statin, fibrate, or omega-3 fatty acids; and the following diagnoses (ASCVD, diabetes mellitus, stroke, hypertension, renal disease, and peripheral artery disease). Patients in the high-triglycerides cohort were matched in a 1:1 ratio to the comparator cohort. Patients who were not matched were not included in the descriptive analyses. Non-HDL-C and HDL-C were added to the model in a separate analysis to evaluate their potential impact.
End Points
The primary objective of this analysis was to measure the occurrence of major cardiovascular events, defined as a composite of cardiovascular-related death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or unstable angina in the follow-up period. Secondary objectives included quantification of healthcare costs and resource use. Medication compliance was determined using the proportion of days covered, which was calculated by dividing the number of days on which medication was available (on the basis of filled prescriptions) by the number of days between the earliest prescription claim in the observation period through the end of the observation period.
Statistical Analyses
All study variables were analyzed descriptively and reported for the overall study sample as well as stratified and statistically compared by cohort. 
Results
Approximately 1.6 million patients with at least 1 prescription claim for a statin were identified from the Optum Research Database. The Figure shows the disposition of these patients in the high-triglycerides and comparator cohorts after application of inclusion and exclusion criteria. After propensity • Niacin on hand at index date • ICD-9 codes indicating the presence of any of the following conditions during the 6-mo baseline period: pregnancy; severe liver disease; acute or chronic pancreatitis; malabsorption syndrome or gastric/intestinal bypass surgery; HIV/AIDS; end-stage renal disease, hemodialysis, or peritoneal dialysis; myositis, polymyositis, or rhabdomyolysis; or drug or alcohol abuse score matching, 10 990 patients were included in each cohort.
Because of the propensity score design of this analysis, there were few clinically important differences between the high-triglycerides cohort and the comparator cohort (Table 2) . However, as expected, there was a substantial difference in mean triglycerides at baseline (P<0.001). Other lipid parameters were also significantly different, including HDL-C, non-HDL-C, and total cholesterol (all P<0.001). There was also a small, but significant, difference in mean LDL-C (P<0.001). Consistent with the study entry criteria requiring a diagnosis of diabetes mellitus or ASCVD, 85% of patients had diabetes mellitus and 29% of patients had ASCVD in both cohorts (Table 3 ). In addition, 79% of patients had hypertension, and with the exception of peripheral artery disease (14%) and renal disease (12%), all other diagnoses were present in <10% of patients in both cohorts. In the high-triglycerides cohort, 13% of patients were receiving fibrates, 8% were receiving ezetimibe, and 3% were receiving prescription omega-3 fatty acids versus 8% receiving fibrates, 9% receiving ezetimibe, and 2% receiving prescription omega-3 fatty acids in the comparator cohort.
Multivariate analysis of composite major cardiovascular events (controlled for patient characteristics and comorbidities) revealed a 34.9% higher rate of occurrence of a major cardiovascular event per unit time in the high-triglycerides cohort (n=13 411 patients) versus the comparator cohort (n=32 506 patients), with an HR of 1.35 and a 95% confidence interval (CI) of 1.225 to 1.485 (P<0.001; Table 4 ). Male sex (HR, 1.36; 95% CI, 1.23-1.50; P<0.001), diabetes mellitus (HR, 1.46; 95% CI, 1.26-1.69; P<0.001), and ASCVD (HR, 2.30; 95% CI, 2.05-2.59; P<0.001) were also significant predictors of a major cardiovascular event in this model, as was younger age, which had a protective effect. Significantly higher risk was also found for individual outcomes of nonfatal myocardial infarction (HR, 1.35; 95% CI, 1.19-1.52; P<0.001), nonfatal stroke (HR, 1.27; 95% CI, 1.14-1.42; P<0.001), and need for coronary revascularization (HR, 1.51; 95% CI, 1.34-1.69; P<0.001), but not unstable angina or cardiovascular death (Table 5) .
Multivariate analyses of these populations also revealed that total healthcare costs and inpatient hospital visits were Because cholesterol in triglyceride-rich lipoproteins is captured in non-HDL-C, non-HDL-C was added to the multivariate analyses to determine if the increase in cardiovascular risk in the high-triglycerides cohort would be attenuated. We found that, although there was some attenuation in cardiovascular risk in the high-triglycerides cohort when adjusting for non-HDL-C, the risk of major cardiovascular events remained statistically significant in the high-triglycerides versus the comparator cohort in the model (Table 6 ). In addition, because HDL-C is inversely associated with triglycerides, the cardiovascular risk associated with high and low HDL-C in the hightriglycerides cohort was compared with the comparator cohort in a Kaplan-Meier analysis over a 5-year time period. In the high and low HDL-C subgroups within the high-triglycerides cohort, the risk of major cardiovascular events remained statistically significant versus the comparators (Table 7) .
Discussion
This real-world analysis of administratively derived data from >20 000 patients in the Optum Research Database identified statin-treated patients with high triglycerides and a diagnosis of diabetes mellitus and/or ASCVD to be at a 34.9% higher risk of major cardiovascular events than a comparator cohort of patients with triglycerides <1.69 mmol/L (<150 mg/dL) and HDL-C >1.04 mmol/L (>40 mg/dL) while controlling for other comorbidities. Reflective of the higher risk of major cardiovascular events, high triglycerides (2.26-5.64 mmol/L [200-499 mg/dL]) were also associated with significantly higher medical costs and resource use. This is consistent with a prior observational analysis that found triglycerides in the range 2.26 to 5.64 mmol/L (200-499 mg/dL) to be associated with significantly higher total medical costs than in patients with triglycerides <1.69 mmol/L (<150 mg/dL) (P<0.001). 26 The population under investigation in this analysis represents a notably large group. In a separate analysis of the Optum Research Database of 4 867 300 patients with at least 1 prescription fill for a statin, 1 418 866 had at least 1 LDL-C measurement ≤2.59 mmol/L (≤100 mg/dL); of these patients, 693 308 (48.9%) had at least 1 triglycerides measurement ≥1.69 mmol/L (≥150 mg/dL), and 421 974 (29.7%) had at least 1 triglycerides measurement ≥2.26 mmol/L (≥200 mg/dL). This is supported by large cardiovascular outcomes trials, including or limited to patients with type 2 diabetes mellitus, wherein 15% to 20% of HDL-C indicates high-density lipoprotein cholesterol; MACE, major cardiac adverse event; MI, myocardial infarction. *Clustered P values were calculated using Cox proportional hazard model with cohort as independent variable. † Event occurred in an inpatient setting with visit discharge status indicating a nonfatal event (absence of cardiovascular-related death; cardiovascular-related death was defined as a death in follow-up period [as identified with discharge status or the Death Master File]) based on diagnosis code for MACE event (MI, stroke, or revascularization) in the first or second position, that occurred in the emergency department setting within 1 day of a death date, or in an inpatient stay with a discharge date within 7 days of a death date. patients had triglycerides ≥2.26 mmol/L (≥200 mg/dL) and LDL-C <2.59 mmol/L (<100 mg/dL) and 25% to 40% had triglycerides ≥1.69 mmol/L (≥150 mg/dL) and LDL-C <2.59 mmol/L (<100 mg/dL). 23, [27] [28] [29] [30] [31] [32] Despite this relatively high prevalence, there is a lack of prospective data designed specifically to investigate such patient populations with high triglycerides despite statin therapy. This lack of prospective data will begin to be addressed by several ongoing clinical trials investigating the impact of various triglyceride-lowering therapies on cardiovascular outcomes in high-risk statin-treated patients. REDUCE-IT (Reduction of Cardiovascular Events With Icosapent EthylIntervention Trial; URL: http://www.clinicaltrials.gov. Unique identifier: NCT01492361) is expected to be the first of these trials to present results, which are expected in the second half of 2018. This phase 3b, international, multicenter, prospective, double-blind, placebo-controlled, parallel-group trial randomized 8000 high-risk patients receiving stable statin therapy with triglycerides 1.69 to 5.64 mmol/L (150-499 mg/dL) to the highly purified omega-3 fatty acid icosapent ethyl (ethyl ester of eicosapentaenoic acid) 4 g/d or matching placebo. 33 Importantly, the present study of a large real-world database helps to more fully and accurately characterize the population of statin-treated patients with residual cardiovascular risk and high triglycerides. This type of real-world data, collected from electronic administrative claims and medical records, is pragmatic in that it examines this patient population in the context of clinical practice. 36, 37 It brings novel perspective to the healthcare costs and disease burden of this large population outside of clinical trials and may help to place the results of the ongoing cardiovascular outcomes trials into a real-world perspective. The high prevalence of diabetes mellitus in the general population and the apparent coexistence of diabetes mellitus and high triglycerides in many patients suggest that this population may be at significant cardiovascular risk, and is worthy of further study; patients with diabetes mellitus in the population studied herein will be the subject of a future analysis. The average total healthcare cost associated with high triglycerides in this study was 15% higher than for those with triglycerides in the normal range; this was reflected by an increased total healthcare cost of $183 per month per patient with high triglycerides. In addition, patients with high triglycerides were 16.7% more likely to have an inpatient visit, which would be expected to incur increased costs. Given the prevalence of high triglycerides and the associated residual risk, the potential economic impact of high triglycerides over a lifetime is, therefore, likely substantial. A strength of this type of real-world experience study is that it encompasses a large number of patients and measures all healthcare costs. Cost estimates were conservative because this study did not estimate costs that may have been paid by other payers, and the study did not include nonmedical costs associated with patient or societal expenditures, such as transportation for treatment or missed work days.
In addition to the differences in baseline triglycerides and HDL-C per study inclusion criteria and design, there were differences in baseline levels of other parameters, including non-HDL-C and HDL-C, which represent study limitations. However, when non-HDL-C was added to the model, there was some attenuation of the impact of the cohort variable, although the findings remained statistically significant. With regard to baseline HDL-C, analyses of high and low HDL-C indicated that freedom from cardiovascular events at 5 years was significantly higher in the low-triglycerides comparator group than in the high-triglycerides group, regardless of whether HDL-C was high or low, but was incrementally higher in the group with higher HDL-C.
The real-world nature of this database has limitations. Observational studies often use existing data, rather than prospectively collected data, which can add to the uncertainty about findings and limit the usefulness of such data. 37 Although claims data are valuable for examination of healthcare outcomes, treatment patterns, healthcare resource use, and costs, all claims databases have certain inherent limitations affecting generalizability because the claims are collected for the purpose of payment and not research. The findings of this study should be considered within the limitations of the data and study design. With regard to the patient population, only patients with continuous eligibility were included, and thus patients who did not maintain membership during the baseline period and the outcome period for at least 6 months starting with the index date were excluded. This study was limited to patients enrolled in managed care plans in the United States and may not be generalizable to other populations. With regard to medication, the claims records of dispensed medications do not indicate whether the medication was consumed or whether it was taken as prescribed, and use of over-the-counter medications, prescription samples provided by physicians, or prescriptions filled outside the health plan was not observable in the pharmacy records. With regard to disease state, the presence of a diagnostic code may not necessarily be conclusive for the presence of any given disease. With regard to statistical analyses, those reported herein should be evaluated in the context of the large sample size, which may indicate statistical significance for some parameters, even when differences are small and not clinically important. Real-world studies may contain inaccurate recording of health events, missing data, and uncertainty about internal validity. 37, 38 In the present study, laboratory test results during the follow-up period were only available for a subset of patients. The extent of missing data may not be distinguishable from the lack of an administered test. This analysis was designed to assess health status and burden over time in patients with high triglycerides, despite generally controlled LDL-C, and was not designed to assess the potential effects of any adjunct treatment modality. Furthermore, given the observational nature of the study, and despite robust propensity-matching and multiple sensitivity analyses, a possibility of residual unmeasured confounding cannot be excluded. Despite these standard and study design-specific limitations, these data allow for examination of healthcare burden, use, and expenditure patterns in a real-world setting with a large sample size of patients with diverse medical histories, apart from the highly controlled environment of clinical trials.
Conclusions
Statin-treated patients with high residual cardiovascular risk and high triglycerides (2.26-5.64 mmol/L [200-499 mg/dL]) had worse cardiovascular outcomes, greater healthcare use, and overall higher healthcare costs than comparators who had triglycerides <1.69 mmol/L (<150 mg/dL) and HDL-C >1.04 mmol/L (>40 mg/dL). These patients with high triglycerides had a higher risk for nonfatal myocardial infarction and nonfatal stroke and need for coronary revascularization than those with lower triglycerides and higher HDL-C. The increased cardiovascular risk in the hightriglycerides versus comparator cohorts was maintained even with the addition of non-HDL-C to the multivariate model and when analyzing high and low HDL-C subgroups. This analysis provides strong support for the conclusion that hypertriglyceridemia represents an independent risk factor for ASCVD. This group of patients with high triglycerides and a history of diabetes mellitus and/or ASCVD is relatively large, may be commonly encountered in clinical practice, and warrants further study. Prospective cardiovascular outcome trials of similar patient populations are ongoing.
